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Let ^ 4 ^(1 so that for Miitewis <a/T>0 . Then three types of motion are possible 
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b) - j A £ i E * £ * E i.e. the energy lies between separated mesic atoms. When 

9~* •• the meson cannot be near the separated lighter nucleus became of lack of energy. 
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dance to which the function O ft) for R— *• should not contain an exponentially increas¬ 
ing term: 
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If la the relative velocity of particles, ^ - the number of nuclei of the isotope with 
MM Mg tbea the probability of the charge exchange ia 
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j^ pWy* &T*7ljl~ * '5' »»the mean value of the energy transmitted i * dp+P col- 

ft*ion A 9 4.10^2 £■ 45 «* jj* (he energy acquired by the meaic atom djj while 

«dni«e exchanging E f -* lllHav ia the final energy. (In this case we make the rough app- 
cex bastion that dp is believed to move atonic a straight line since the deviation ef djt in 
4*t|i4da* *ith patten caa sot exceed .30° ia the laboratory system of coordinates). The vales of 

(54) Is t •* 0.1 mm.(The free path owing to the diffssioilef^ 

with As thermal energy is also of order of 0.1 mm) which is applying less than the experimental 
'hole* of about I mm. 


MESfC MOLECULE ENEMCY LEVELS 

Let is the energy region £ <- j A £ the solutions of Eq. (21) under the initial con¬ 
ditions (33) and (34) correspondingly have for tf —- the following form: 
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Then, forming the linear combinatipn the increasing exponents can be excluded only under the 
condition: 
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The condition (56) determines (nesic molecule energy levels. By means of the numerical integra¬ 
tion of the system (21) for various E' we can choose the values of £' satisfying the con¬ 
dition (56). The mesic molecule energy levels obtained in such a way are given in Table III In 
Fig. 1 the values of the function. a ( H ) and b ( * ) are given for the bound state of the 

mesic molecule < pt )p normalized bv the condition 
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3*mHY LEVELS OF MI SIC MOLECULES WITH IDENTICAL NUCLEI 


As ws km ik—d y pointed out the system for the mesic molecules with identical nuclei 
two ind e p en d e nt equations. The effective potentials of interaction with corrections tn> 
the polios of nuclei* tj ♦ jjq f/jj are approximated with a pood 


cy hy the well known Morse function: 




( 58 ) 


The valaes of the effective potentials of interactioa are given in/ 13 / The deviations from the 
Msrte function feom the true values of effective potentials of interaction can sot change const- 
demMy the value of the levels since these deviations are appreciable only is those regions (for 
vary large or very small * ) where the wave functions decrease exponentially. The values of 

the energy levels are gives is Table III. • 


SCATTfMNf OF NESK ATOMS EY NUCLEI IDENTICAL 
10 THE MESIC ATOM NUCLEUS 


For small energy of the relative motion of (V# « 1) it is not difficult to calculate effec¬ 
tive cross section of music atom scattering by nuclei of the isotope**. For £' > 0 the solu- 

Hon of the Schrodiagsr equati on with potential ( 58 ) is of the form 

( 59 ) 


vkMI to* iMMitaialtsm «M »UhHI Igklgf Ms i 


to to* 


•* top Mlttovi Mto« mto fop emm.Mermbly M|k« toM top iMlgy gf top e«,epf1m« p»|»«to« to 

^ ••to Uip ^ H to hbrti pf M TM pfNto to }««g» pgpigy ng 
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For It this solution equals asymptotically: 

/._ &(nXfP^~ JS 0 ) 




(60) 


If Dm 


of the relative Motion is ntktf Mill (* #f) then, is tho region 

g^t-Ag (6i) 


The scattering length any bo obtained from (64),(65) 


(62) 


whara * ‘ Not# that if tho veins (^2T’ t) 

is $S«M to tho litigir oombor this corresponds to tbo fact that tbs moofe molecale boo s level 
(fool or vfctoal with tbo ooorgy clooo to ssro) tbon, das to tho fact that tbo function ¥(*) bos 
potoo for Impw negative OHMabors I tbs solas of Xj may bs vary large. Tba possibility 
of seek a r o o a osac a baa boon obs e rved ia fV, 

Tbo soiotko of tba aocoad equation (21) amy be also obtained easily If the potential 

aaP-M-W. • (M) 

V„ ■ 

this amy bo amis with a good accuracy for tbo raises of R essential for tbs scattering. Tbo * 
SchvUiagor eqaatioa with poteatiel (63) reduces to the Bessel equation of the i mag in a r y s rg emai 
bf latrodaoiag a now variable quantity. Thao, far E* ■ 0 




wbaro K^jCO is the Haabol function of tbs lamgiaary argument. The normalisation of the fi 
thto VB 1» rboasa as that for jf"* *• tho solution will bs of tha fora: 


X(t) + * -J* 


4M) 


f I 

' % * 
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(taking into account that for i■~+0 ) iij[i) ■* f» h ~C- where C “ 0.577 ia the Ealer 
taat) woobtato r —y 


Taking toto account that the mesonic function it symmetrical with reaped to the nuc- 

ieaa tv knags and Zyti, *) is antisymmetrical, it may be concluded that in the S- wave the re- 
totivo a w do n of identical nuclei will be described by the function $(%) , if the summary 

agto el auafei ftcvoa and by the function h ft) . if the nummary spin of nuclei ia odd. The 

of the hydrogen manic atom scattering by protons (and meaic atoms of triti¬ 
um by tritium nririei) at aamll energies La to be of the form: 

* ' a* 

6 " irUrjft * 7 JZ$rvr) 
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cons- 


( 66 ) 


•• • # 


* 3 ITPtt) * 


(67) 


to that describing the scattering of neutrons by protons. Por large 
with (66) there will be a resonance in the scattering when V—* 0. 
in (66) Urn writtenTor better analogy with the well-known deuteroo formula, 
lift of these terms represents essentially the exceeding of the accuracy since ^ U 
to ri* nptlsim and must coincide in magnitude with the radius of action of farces: 

Thin taken place just to the scattering +p * P aiace the meaic 
have a virtual level with the energy close to 0. The effective scattering cross 
calculated according to (66) coiaddas mall with the cross section given to^4 
* d tim cross section calculated aocordiag to (67) tarns out to bo twice 


MffSfC MOLECULE FORMATION 


- r 


Moving to the matter the hydrogen mesir atoms in virtue of their neutrality can go easily 
through the electronic shells of the hydrogen molecules and approaching the nuclei they can form' 
meaic SMlcealeiik(more exactly, mesic molecular ions) IpPjfi , (p d)* Whe tb* 

.'C t ' B hiatoa molecular ions I§2 , HO*. etc.). The binding energy of tbs music molecule, 
jW|«rtocipie,mey kt transmitted to the radiation, electron shell and to the nucleus couplad by 
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ohoratoal Carons with that which forma the meaic molecule. 

The last I rasa ltioa, however, may have aome meaning only la the caae when the meaic mo- 
Wi (oral Uaelf la the atate with very email coupling energy (of order of the coupling ener¬ 
gy af the ordinary molecule). As we caa aee from Table IK thla condition can not be fulfilled for 
emy of tee m ole cu lar ( path a pe , except for (dd£ ). Since the aise of the meaic molecnle la 
leee thea the Morale oae the relationa between the probabilitlea of formation of a meaic nralecule 
it n radiation way and by raee n a of the recoil of the energy to the electron of the shell may be ex- 
feeeeed oniag the ata ad erd theory of totrinslc conversion of e loct ra a e under nuclear traaaitioaa. 
to the e o u ai de ra d ra glen of treaeraitted energies (tens • hundreds of ev) the coefficients of iatrin* 
ate oeaversion an very large; therefore the probability of the radiative formation of meaic mole- 
etoee to tone lao ora p a rabl y than the conv ersi on s! one. Because the f orm a t io n of meaic molecules 
hIm ptoee at e ra all rotative eaargiea of manic atoms an electric dipole transition too* the S - 
wave ef ooetiauoua spectrum with the co nve rs ion on electros will be the most Important one. Let 
P t i Px i fy he dietancea from the nuclei M t) \ and mason 

rrapntelvnly Mara an arbi tra r y point; then the Couloate field of the eyetera at large distances has the 


444 m JL.% 

•r> A f /* 


(id) 


pfcgn JP in the Hf a rm from the prate r of mass of nuclei, and d is the dipole m oraea t em of 






*(<•) 


aa wave 


MM teM|» analogy with the pro b abil ity of oaavers ion uader tha aadeoy tra aoittoa wa etoala far 



m i ■ ■ 
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dUcfOta epoctnio respectively. 


lirfai fliitl) to nf|||wo4 iw tto coordtooiooof ^ 

to (tli teodoWftotoWI* 

: 


^ ( Itt ' s ' 

••Aaoetoi). fto taw- 


(IS) 


* w .. ■■■■■'•• • — ._ 

4- yjT***-. 

BSSMKEg?.-— i—«- (lc*» 

"^4* .'4“ . . A. . ' • /nt 




u*$*m*+ '" mmm s* m**® a , imimwi n i* ^ 


(IS) 


I??!?n IwlpIftrwrtT w too »ettW ota^ooi <4>. Itoto 

to fto-ft. to«0toUUtodfar.«*U a **'*'*”*** •<*4 
•tei fhgtotoM * i I* * TW nntir Ii (10) I* fto4o «*« 41 potriWt (Iwl WW 
I jiiiliwri®* I# Jf|||||^ tW MMitlutW of W ww Wdkt of tto ®WWn opoct" 
allWWaW^oo^WtWteftottTriwwoptoM **^^** 00 ^^ 1 ^*** 14 

mhWWWnU ( 70) to So fom 


(14) 


»*£3£Kl. 


,-,d> is eeleeleted l. dtoeootooleoo C-wto •**•’) bb#M * * 

Rwt mm ******* ****** (W J woju*Mio«w» * _ <. 

NMbW IWettoM of Uootkol parity J Zu Zu wWUttooocood 

mUfM (■]« Wmm mmic fnctloii of diflimt parity ( 2 U ~~* Z»d f 

). XW ttpot* trtatilioaa froie the S-ww of tW coottoeoee "** ° C ^ Bf 

MMto. rtoto with L . t fto.to.toH. HI «««^*to tor HI «-« -*» 
/n/jg ) tW Ueoeltloii to porfan^d into the «roe*d routioo »Ut* l* * 
olt r ^ TT /a/ ) IW wooWoo to to tW vitaWkaMoUtlo.ol «uto U pooofcio loo. 
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mo l eculea witb identic al a acini 4*1; a«l mi ka n l 
l» •Mte *oleceJea Ja Tbn probability of faqiatioa of 

»»**• qjpefile a aia flvea ia tba Tabla ♦. In tbe caaa of awafc moleculea with diffaWaaclal of 

tllnilaH— ef payability of aeaic molecule faneatioa vbea the collialoa 
py IKt y* If lif>aM *Hb Hgbtar aadeaa occnre, far example «£, - A#>L 

rnlSttSu Jrt * JS*. "*"** ** *• •***+&* v***"fr'd~cfil>X 


if%aaw MatuiiifaK 


V «w wm w w <»MiiU fiuctioM 0,0) , (at/ trite 

eftbe final alaia coneapoediag to tba wmioa level of An Male 


|i>- s 44: 


ft:#* * A 


’’ - : ■ V’-. • ' 


twUb (77) and (74) ana (bn ia da 






t - **) 

&$** (/'*•■ v h ) (LC 40 ) 

r*- • -' 


»«all R, ebea Zj mi Xu Mufaa 
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(ttllNlf Mu lt' aad 2p level• of He. 


I e (1, + h) 


. 3 

>*>( tiUi e, , t u>e) 

Mf'it*** 


<-*t***&*'-£***£*)•'* 


lathe 


b the 


(LCA0)t 


2*0+*/ jr 


j i S L STl***f 

*91 d 36 (,-sjl 9 


j i j / jfV/*#/* 


(U. Ah 






la* to the a 


to Pi*. 2,3 an *ivea the valuea K « aad K a* , calculated aad 
riaatbe (LCAO) aad (U . A). For the value OCR) we fat: 


1 ifTF 
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Af| * M t of 


(•'*** It* 1 ). 


We note that Q calculated in accordance with (LCAO) for R — 0 coincide well with the 
values of Q, calculated in accordance with 

AT/ 

**0**13 it) n t -M, 

- 9 0+sJ j M t + M, 

Thun, in the nil legion ^ the approximation Q * QlcAO may be taken 

The q—atitiea ft) and KygiR) ia the approximation (LCAO) and (U A) equal cor 



**rn**i* «r.... 

t*s 


.iB,w 1—~( h 3 331 l 

[ toy . iff -L^hx'o. >&**%*j 
\ y/V*/ *i *$"* \ *$ 




Show the behaviour of the function for 

-or *115 4r Qdl . 

r *** * ' /*»♦*, W* * 4 * W 7%7*, i 

*») (UM >~ 
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♦ 


charge 

T a '■ i e X 
ext liar.ste < ross section 

. ■ !*' 


~<f. >p 

l ■ 1 -* i */> 

(J + t -e / ♦ d 


2.1 

0.84 

0.0067 


3.42 . lO’ 13 

1.19 . 10- 13 jjJ* 

1.15 . lO’ 15 S*-* 

UC 

<r* 

1.98. 10- l9 cm- 

1.53 . 10W 

2.41 . 10' l9 cm 3 


T a b 1 e XI 

mesic atom elastic scattering cross section 



4* 

'V. 

t 

CL. 


A 

2.03 

2.66* 

6.7 

W) 

3.39 . 10- 20 cm^ 

5.84 . 10-20 cm 2.* 

36.9 . 10*20 cm2 


T a I. I f* 111 

me*ic molecule levels ( ev ) (for inesic molecules with various nuclei the energy 
levels are calculated from the level of heavier isotope ) 



L 

.0 

L * 0 

L *2 

L‘3 


n * 0 

n* 1 

n * 0 n - 1 

n* 0 

n » 0 

<pp !* 

252 

- 

109 

- 

S 

<«£ 

330 

40 

227 77 

88 

- 

(Mi; 

367 

86 

283 15 

170 

50 

wr 

220 

- 

90 

- 


T7TJ- 

213 

- 

93 


** 

TSoJ- 

318 

32 

232 

102 

— 

♦ 

** Th««« ' 


l«rlv»d for Krnt • 0. 1 

1 alrulftttonn with eorroot vtlu* of 



value 10 . what ■••m* to be doubtful. 
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T a b I f IV 

probabilities of meaic molecule formation in units 10 6 sec 1 in liquid hydrogen 


< pp )*■ 

— rrf - 

(dd >; 

"•V 

< PJ in 

t it 

( P t 

• 

0.006 

0.i8 

0.7 

-0.001 

0.25 


! 

| 


In the present paper the probabilities of the meaio molecule formation schould be considmed 
to be correct only in order of value, since the binding of hydrogen nuclei in molecules of U 2 has 
been neglected in our calculations what leads apparetly to the increase of W. 

In the case of the meaic. molecular ion (dd) and (dt) 0-0 transitions may contribute to 
the molecule formation probability, due to the oscillation level close to *ero (L«0). 

We have just reseived preprints by Cohen, Judd and Riddell. They calkulate the probability 
of the formation of meaic molecules with identical nuclei using the wave functions normalised to 
yZ , but aot to unity, what doubles the value of W. 

We wish to thank Y.B. Zeldovich for initiating this investigation and for many useful 

discussions. 
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